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,QWURGXFWLRQ
$LUWLJKWQHVVRIWKHEXLOGLQJHQYHORSHFXUUHQWO\SOD\VDQLPSRUWDQWUROHLQWKHFRQVWUXFWLRQRIEXLOGLQJV$LUWLJKWQHVV
RI WKHEXLOGLQJ HQYHORSH LV FRQVLGHUHG DVRQHRI WKHNH\ IDFWRUVRI HQHUJ\HIILFLHQWEXLOGLQJV$LUWLJKWQHVVRI WKH
EXLOGLQJ VLJQLILFDQWO\ DIIHFWV WKH WKHUPDO FRPIRUW DQG LQGRRU HQYLURQPHQWDO TXDOLW\ >@ $LUWLJKWQHVV H[SUHVVHV
XQFRQWUROOHG H[FKDQJH RI DLU WKURXJK WKH EXLOGLQJ HQYHORSH8QFRQWUROOHG YHQWLODWLRQ LQGRRU WHPSHUDWXUH LQGRRU
KXPLGLW\ QRLVH RU KDUPIXO SROOXWDQWV HPLWWHG LQWR WKH LQGRRU HQYLURQPHQW 792&V FRQFHQWUDWLRQ DUH LPSRUWDQW
IDFWRUVGHWHUPLQLQJRILQGRRUDLUTXDOLW\>@7KHXQFRQWUROOHGDLUOHDNDJHLQFUHDVHVKHDWORVVWRWKHHQHUJ\GHPDQGV
IRUKHDWLQJRUFRROLQJ,QWKHFRXQWULHVRI&HQWUDO(XURSHWKHDLUWLJKWQHVVLVQRUPDOO\H[SUHVVHGLQWKHDLUFKDQJHUDWH
SHUKRXUDWDSUHVVXUHGLIIHUHQFHRI3DQK7KHQXPHULFDOYDOXHRIQLQGLFDWHVKRZRIWHQWKHLQGRRUDLURI
WKHEXLOGLQJLVH[FKDQJHGSHUKRXUDWDSUHVVXUHGLIIHUHQFHRI3D7KHOLPLWYDOXHLVKIRUHQHUJ\SDVVLYH
KRXVHV
7KHUH DUH D QXPEHU RI UHVHDUFKHV DQG VWXGLHV FRQFHUQHG ZLWK IDFWRUV LQIOXHQFLQJ DLUWLJKWQHVV RI WKH EXLOGLQJ
HQYHORSH6LQQRWWDQG'\HU.UDXV-RKQVWRQ9LQKDHWDORU.DODPHHV7KHSDSHU
GHVFULEHV UHVXOW RI WKH EXLOGLQJ DLUWLJKWQHVV RI  HQHUJ\HIILFLHQW EXLOGLQJV EXLOW LQ  WR  LQ WKH&]HFK
5HSXEOLFLQWHUPVRILWVORFDWLRQSDUDPHWHUV
'HWHUPLQDWLYH)DFWRUVRI%XLOGLQJ$LUWLJKWQHVV
$FFRUGLQJWR.UDXVWKHIDFWRUVGHWHUPLQLQJWKHDLUWLJKWQHVVRIWKHEXLOGLQJHQYHORSHFDQEHGLYLGHGLQWR
DFWLYHIDFWRUVDQGSDVVLYHIDFWRUV7KHDFWLYHIDFWRUVGLUHFWO\DIIHFWWKHILQDODLUWLJKWQHVVRIWKHEXLOGLQJHQYHORSH7KH
DFWLYHIDFWRUVLQFOXGHFXVWRPGHVLJQDQGLPSOHPHQWDWLRQRIWKHPDLQDLUWLJKWOD\HURIWKHEXLOGLQJHQYHORSHVHOHFWLRQ
RIFRQVWUXFWLRQW\SHDQGPDWHULDOGHVLJQQXPEHURIIORRUVDQGRWKHUQXPHULFDOLQGLFDWRUVRIWKHVL]HRIWKHREMHFWVXFK
DVIORRUDUHDFRROHGVXUIDFHDUHDRIEXLOGLQJHQYHORSHRUKHDWHGYROXPH9LFHYHUVDWKHSDVVLYHIDFWRUVKDYHQRWD
GLUHFW LPSDFW RQ WKH ILQDO DLUWLJKWQHVV RI WKH EXLOGLQJ HQYHORSH 7KH SDVVLYH IDFWRUV FDQ IDOVLI\ WKH PHDVXULQJ
DLUWLJKWQHVVRIWKHEXLOGLQJHQYHORSHDQGWKH\FDQQRWEHGLUHFWO\DIIHFWHG%XLOGLQJH[SRVXUHZLQGGLUHFWLRQDQGVSHHG
LUUHOHYDQWLQSXWGDWDQRQFDOLEUDWHGPHDVXULQJHTXLSPHQWSRRUSUHSDUDWLRQRUIDLOXUHRIPHDVXULQJSURFHGXUHVDUHWKH
SDVVLYHIDFWRUVGHWHUPLQLQJWKHILQDOYDOXHRIWKHDLUFKDQJHUDWHQ
$QDO\VLVRI3DUDPHWHUVRI/RFDWLRQDV'HWHUPLQDWLYH)DFWRUVRI%XLOGLQJ$LUWLJKWQHVV
7KHSDSHUDQDO\VHVWKHSDUDPHWHUVRIWKHEXLOGLQJORFDWLRQVLQWHUPVRIEXLOGLQJDLUWLJKWQHVV7KHXQFRQWUROOHGDLU
OHDNDJHWKURXJKWKHEXLOGLQJHQYHORSHUHTXLUHVWZRFRQGLWLRQV)LUVWO\ WKHEXLOGLQJHQYHORSHKDVFUDFNVDQGOHDNV
DOORZLQJDLUIORZ6HFRQGO\ DLU IORZV WKURXJK WKHEXLOGLQJHQYHORSHDWDSUHVVXUHGLIIHUHQFHEHWZHHQ LQWHULRU DQG
H[WHULRU7KHSUHVVXUHGLIIHUHQFHPD\EHFDXVHGE\VWDFNHIIHFWZLQGHIIHFWVFRPEXVWLRQDQGYHQWLODWLRQHTXLSPHQW
RU D FRPELQDWLRQ WKHUHRI -RKQVWRQ6WDFN HIIHFW LV EDVHGRQGLIIHUHQW WHPSHUDWXUHV DQGSUHVVXUHVEHWZHHQ
LQWHULRUDQGH[WHULRU ,QILOWUDWLRQDQGH[ILOWUDWLRQ IORZLQJDLUDW VWDFNHIIHFW LV VWURQJHU LQZLQWHUDQGYHU\ZHDN LQ
VXPPHU$WH[SRVHGDQGXQFRYHUHGORFDWLRQZLWKKLJKVSHHGRIWKHZLQGZLQGSUHVVXUHLQFUHDVHVWKHDPRXQWRIDLU
IORZLQJWKURXJKWKHEXLOGLQJHQYHORSH'HULYDWLRQRIHTXDWLRQVRIGLIIHUHQWLDOSUHVVXUHFDXVHGE\ZLQGHIIHFWVLQUHDO
HQYLURQPHQWLVH[SOLFLWO\YHU\GLIILFXOWEHFDXVHWKHSUHVVXUHGLIIHUHQFHGHSHQGVRQWKHVKDSHH[SRVXUHDQGRULHQWDWLRQ
RI WKH EXLOGLQJ UHODWLYH WR WKH ZLQG DQG DOVR RQ WKH VKLHOGLQJ HIIHFW RI WKH WHUUDLQ DQG VXUURXQGLQJ EXLOGLQJV
&RQVLGHUDEOHLQIOXHQFHKDVDOVRFXUUHQWZLQGVSHHGPV
3.1. Geographical Location of Building 
*HRJUDSKLFORFDWLRQKDVQRHIIHFWRQWKHILQDODLUWLJKWQHVVRIWKHEXLOGLQJ7KH)LJXUHLOOXVWUDWHVWKHIUHTXHQF\RI
REVHUYHGEXLOGLQJVDFFRUGLQJWRWKHWHUULWRULDOUHJLRQVRIWKH&]HFK5HSXEOLF,WLVHYLGHQWWKDWWKHVDPSOHLQFOXGHV
HQHUJ\HIILFLHQWEXLOGLQJVIURPDOOUHJLRQVRIWKH&]HFK5HSXEOLF7KHWHUULWRULDOUHSUHVHQWDWLRQRIWKHREVHUYHG
EXLOGLQJVJLYHVWKHWRWDOGLVWULEXWLRQRIHQHUJ\HIILFLHQWFRQVWUXFWLRQLQWKH&]HFK5HSXEOLF7KHPRVWFRPPRQDUHD
RIHQHUJ\HIILFLHQWEXLOGLQJVLVHYLGHQWLQ&HQWUDO%RKHPLDDQG6RXWK0RUDYLD7KHORZHVWGHQVLW\RIHQHUJ\HIILFLHQW
KRXVHVLVLQQRUWKZHVWHUQ%RKHPLD.DUORY\9DU\5HJLRQDQGÒVWL5HJLRQ
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
 5HJLRQ )UHTXHQF\   5HJLRQ )UHTXHQF\
$ 3UDJXH   + +UDGHF.UiORYp 
6 &HQWUDO%RKHPLD   ( 3DUGXELFH 
& 6RXWK%RKHPLD   0 2ORPRXF 
3 3O]HĖ   7 0RUDYLD6LOHVLD 
. .DUORY\9DU\   % 6RXWK0RUDYLD 
8 ÒVWtQDG/DEHP   = =OtQ 
/ /LEHUHF   - 9\VRþLQD 
)LJ5HSUHVHQWDWLRQRIWKHVDPSOHDFFRUGLQJWRWKHWHUULWRULDOGLYLVLRQLQWKH&]HFK5HSXEOLF
3.2. Altitude  
$OWLWXGHLVGHILQHGDVWKHYHUWLFDOGLVWDQFHRUKHLJKWGLIIHUHQFHRIWKHORFDWLRQIURPWKHQHDUHVWVHDOHYHO$OWLWXGH
LVH[SUHVVHGLQPHWHUVDERYHVHDOHYHO0$6/7KHKLJKHUWKHDOWLWXGHRIWKHEXLOGLQJLVWKHKLJKHUWKHZLQGSUHVVXUH
LV7KHZLQGHIIHFWVFDXVHDSUHVVXUHGLIIHUHQFHEHWZHHQWKHLQWHULRUDQGH[WHULRURIEXLOGLQJ


)LJ5HSUHVHQWDWLRQRIWKHVDPSOHDFFRUGLQJWRWKHDOWLWXGH
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3.3. Exposure of Building 
1DWXUDO RU DUWLILFLDO VKLHOG DJDLQVW WKH ZLQG GHFUHDVHV ORFDO HIIHFWV RI ZLQG IRUFHV RQ WKH H[SRVHG REMHFW
6XUURXQGLQJFRQVWUXFWLRQJURRPHGDQGDSSURSULDWHO\IRUPHGWHUUDLQRUJUHHQYHJHWDWLRQFDQVHUYHDVSURWHFWLRQWKH
EXLOGLQJDJDLQVWWKHZLQGHIIHFW,QWHUPVRIZLQGVSHHGDQGGLUHFWLRQLWLVDGYLVDEOHWRORFDWHEXLOGLQJVLQWKHSURWHFWHG
ODQGVFDSHRIWKHQRUPDOZLQGORDGV,WLVQRWDGYLVDEOHWRGHVLJQWKHEXLOGLQJVLQWKHRSHQFRXQWU\VLGHRQWKHKLOOWRSV
DQGLQYDOOH\V+HDWORVVHVRIEXLOGLQJVLQSURWHFWHGUHYHUVHVORSHDUHXSWRORZHUWKDQWKHEXLOGLQJ
VKHDWORVVLQ
WKHRSHQDUHD>@
:LQGVSHHGIOXFWXDWHVFRQVWDQWO\LQDFHUWDLQSODFH:LQGIORZFKDQJHVGLUHFWLRQDQGUHGXFHVLWVVSHHGDIWHUKLWWLQJ
DQREVWDFOH7KHVSHHGRIZLQGVWUHDPLVUHGXFHGDWORZDOWLWXGHIURPWHUUDLQGXHWRWKHVLJQLILFDQWLQHTXDOLWLHVRI
HDUWK
V VXUIDFH /LNH ZLQG VSHHG ZLQG GLUHFWLRQ DQG DLU GHQVLW\ DUH DOVR FRQWLQXRXVO\ FKDQJLQJ $LU GHQVLW\ LV
GHSHQGHQWRQWKHJHRJUDSKLFDOORFDWLRQWHPSHUDWXUHDOWLWXGHDQGORFDOFRPSRVLWLRQRIDLU
3.4. Wind Effect on the Building Envelope 
$ZHDWKHU IHDWXUHVRI WKHDUHDDUHGHVFULEHGE\FKDUDFWHULVWLFYDOXHVRI WKH WHQPLQXWHPHDQZLQGVSHHGDW
PHWHUV¶KHLJKWDERYHWKHJURXQGZLWKRXWEDUULHUVZLWKORZYHJHWDWLRQ7KH&]HFK5HSXEOLFLVGLYLGHGLQWRILYHZLQG
DUHDVDFFRUGLQJWRWKHPHDQVSHHGRIWKHZLQG(XURFRGH7KHZLQGDUHD,ZLWKWKHORZHVWPHDQZLQGVSHHG
PVLVUHSUHVHQWHGE\RIWKHVDPSOHEXLOGLQJV7KHVHFRQGZLQGDUHDZLWKPHDQZLQGVSHHGRIPV
SUHYDLOVLQRIWKHREMHFWVRIWKHGDWDVDPSOHRIWKHWHVWHGEXLOGLQJVLVORFDWHGLQZLQGDUHD,,,ZLWKPHDQ
ZLQGVSHHGRIPV7KHUHVWRIWKHREMHFWVLVUHDOL]HGLQWKHIRXUWKZLQGDUHDZLWKDPHDQZLQGVSHHGRI
PV1RQHRIWKHEXLOGLQJVLVORFDWHGLQDZLQGDUHD9PV


)LJ5HSUHVHQWDWLRQRIWKHVDPSOHDFFRUGLQJWRWKHZLQGDUHDLQWKH&]HFK5HSXEOLF
,QWKH&]HFK5HSXEOLFGRPLQDWHGIORZIURPWKHZHVWHUQGLUHFWLRQV2WKHUGLUHFWLRQVDUHUHSUHVHQWHGOHVVIUHTXHQWO\
DQGWKH\KDYHORZHUFKDUDFWHULVWLFZLQGYHORFLWLHV:LQGVRI:HVWHUQDQG1RUWKZHVWGLUHFWLRQDOZD\VEULQJVPRLVW
ZDUPDLULQZLQWHUDQGFRRODLULQVXPPHU&RQYHUVHO\(DVWDQG6RXWKHDVWZLQGVEULQJGU\DLUZDUPLQVXPPHU
IURVW\LQZLQWHU,WLVQHFHVVDU\WRFRQVLGHUWKHLQIOXHQFHRIORFDOIDFWRUV'LUHFWLRQVRIZLQGVDUHVLJQLILFDQWO\GLIIHUHQW
GXHWRUHJLRQDODUUDQJHPHQWUHOLHILQFHUWDLQUHJLRQV7KHGLUHFWLRQRIIORZPD\EHDIIHFWHGE\ORFDOODUJHREMHFWVVXFK
DVEXLOGLQJVWUHHVDWORZDOWLWXGHDERYHWKHJURXQG
5HVXOWVDQGGLVFXVVLRQV
$OWLWXGHDVZHOODVDLUWLJKWQHVVLVDQRUGLQDOTXDQWLW\YDULDEOHLHHOHPHQWWDNHVDQ\YDOXHIURPWKHVHWILHOGRI
UHDO QXPEHUV7KHSRWHQWLDO GHSHQGHQFHEHWZHHQDOWLWXGHDQG DLU FKDQJH UDWH LV DVVHVVHGXVLQJ WKHQRQSDUDPHWULF
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6SHDUPDQ
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 Q $OWLWXGH
6SHDUPDQ
VUKR Q &RUUHODWLRQ&RHIILFLHQW  
6LJWDLOHG  
1  
$OWLWXGH &RUUHODWLRQ&RHIILFLHQW  
6LJWDLOHG  
1  

7KHSYDOXHLVKLJKHUWKDQWKHHVWDEOLVKHGVLJQLILFDQFHOHYHORIĮ1XOOK\SRWKHVLVLVQRWUHMHFWHG
DQGLWLVDVVXPHGLWVYDOLGLW\$LUWLJKWQHVVDQGDOWLWXGHDUHUDQGRPLQGHSHQGHQWYDULDEOHV7KHDOWLWXGHGRHVQRWKDYH
VWDWLVWLFDOO\ VLJQLILFDQW HIIHFW RQ WKH ILQDO DLUWLJKWQHVV RI WKH EXLOGLQJ HQYHORSH ZLWK LQFUHDVLQJ DOWLWXGH HVFDODWH
SUHVVXUHHIIHFWVFDXVHGE\ZLQGIORZV
:LQGDUHDFKDUDFWHUL]HV WKHVSHHGDQGHIIHFWVRIZLQG LQ WKH ORFDWLRQ:LQGDUHDVDUHTXDOLWDWLYHYDULDEOH7KH
LQWHUGHSHQGHQFH EHWZHHQ TXDOLWDWLYH DQG TXDQWLWDWLYH YDULDEOHV LV YHULILHG E\ WKH XVLQJ .UXVNDO:DOOLV WHVW 7KH
.UXVNDO:DOOLVWHVWVKRZVWKDWWKHUHLVQRWDVWDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFHLQDLUFKDQJHUDWHSHUKRXUQDQGZLQG
DUHDF SYDOXH ZLWKDPHDQUDQNDLUFKDQJHUDWHRIIRUZLQGDUHD,IRUZLQGDUHD,,
IRUZLQGDUHD,,,IRUZLQGDUHD,9$FFRUGLQJWR7DEOHWKHYDOXHRIWKHVLJQLILFDQFHOHYHOLVKLJKHUWKDQ
WKH UHIHUHQFH OHYHO RI VLJQLILFDQFH Į  7KH QXOO K\SRWKHVLV LV QRW UHMHFWHG:LQG DUHD GRHV QRW DIIHFW WKH
DLUWLJKWQHVVRIWKHEXLOGLQJZLWKDUHOLDELOLW\OHYHORI
7DEOH.UXVNDO:DOOLVWHVWIRUZLQGDUHDDQGEXLOGLQJDLUWLJKWQHVV
5DQNV  7HVW6WDWLVWLFVDE
:LQGDUHD 1 0HDQ5DQN   Q
Q :LQGDUHD,    &KL6TXDUH 
:LQGDUHD,,    GI 
:LQGDUHD,,,    $V\PS6LJ 
:LQGDUHD,9    D.UXVNDO:DOOLV7HVW
7RWDO    E*URXSLQJ9DULDEOH:LQGDUHD
&RQFOXVLRQV
7KHVXUURXQGLQJHQYLURQPHQWGRHVQRWKDYHDGLUHFWLQIOXHQFHRQWKHDLUWLJKWQHVVRIWKHEXLOGLQJ(YHQWKRXJKLW
KDVQRWEHHQYHULILHGVWDWLVWLFDOO\VLJQLILFDQWUHODWLRQVKLSEHWZHHQDOWLWXGHDQGZLQGDUHDRQWKHILQDODLUWLJKWQHVVRI
WKHEXLOGLQJ,WLVGHVLUDEOHWRSD\SURSHUDWWHQWLRQWRFKRLFHRIORFDWLRQGXULQJGHVLJQDQGEXLOGLQJSURFHVVRIHQHUJ\
HIILFLHQW EXLOGLQJV (QHUJ\HIILFLHQW EXLOGLQJV VLWXDWHG LQ DUHDVZLWK ORWV RIZLQG DQG LQ H[SRVHG ORFDWLRQV FRXOG
FRQVWLWXWHXSWRRIWRWDOKHDWFRQVXPSWLRQ
7KHDOWLWXGH¶VFRQWULEXWLRQWRWKHDLUWLJKWQHVVLVRIWKHDLUWLJKWQHVVLVLQIOXHQFHGE\RWKHUIDFWRUV
WKDQWKHDOWLWXGH6WDWLVWLFDOHIIHFWRIZLQGDUHDDVGHWHUPLQDWLYHIDFWRURIWKHDLUWLJKWQHVVLVDOVRUHMHFWHGDWVLJQLILFDQFH
OHYHORI

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